Resistance is better than the continuity equation for assessing replacement valves in the mitral position  by Cooke, Richard A. et al.
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aortic valve bioprosthasis obtained alter chronic Implantation in a sheep fur 
18 months. Rowe through the valve were varied from 30 oc/san to 108 cctsec. 
A high resolution ~;gltal video camera imaged the open leaflets for measure. 
merit of actual anatomic valve opening areas (AOA). AOA exhibited hystere- 
sis behavior as flow rate changed (Rgum). For flows increasing from 30 to 70 
cosec, AOA increased gradually. Increasing flows past 70 oc/sec caused an 
abrupt rise In AOA. As flow rate decreased tram 108 cc/sec. AOA changed 
along a completely different path, resulting in different AOA's fur equal flow 
rates depending on whether flow rate was increasing or decreasing. 
. . . .  
• . . . . . .  
• ..... 
n . . . . .  
This hysteresis behavior is presumably due to the non-linear elastic charac- 
tsdstics of the dgid valve leaflets which require a cflflcal pressure gradient 
to be exceeded before further opening occurs, Such behavior m~y have sig- 
nificant impact on clinically used techniques uch as the Doppler continuity 
equation for measurements of effective orifice areas. 
~ l  Can Closure of  Mechanical Heart Valves the Impact 
(MHV) Release Mlcrebubbles In Gas-Saturated 
Solutions? An in-V/fro Study 
Edmond Rambod, Mory Gharib, Denis J. Levy, Slmcha Miio 1, 
Shimon Reisner 1 David J. Sahn 2. California Institute of Technology, 
Pasadena, CA; 1 Rambarn Medical Center and the Technion-Sch,Jet of 
Medicine, Haifa. Israel; 2 Oregon Health Sciences Univ., Portland, OR 
Purpose: Recent clinical reports have indicated echocardiographic obsewa- 
tlons of bdght mobile echoes, often called Spontaneous Echocardiographio 
Contrast (SpE), in the LV and LA during post.operative studies in patients 
with MHV. According to their nature end signal intensities of Doppler spec- 
trum, some of these echoes have been categodzed as gaseous emboli. Our 
pdmary goal was to utilize the most recent innovations in pulsed flow simula- 
tor design combined with advanced laser video flow imaging and ultrasound 
technologies to fundamentally tnvestigste and understand the mechanism 
rs,~penslble fur the release of blood's gas content and the formation of mi- 
cmbubbiss associated with MHV closure. 
Methods: Our heart pulsed flow simulator with a tlexiblo and transparent 
left ventricle model generated physiological f ow and pressure conditions, 
(LAP)~ = 8 mmHg, (LVP)peak = 130 mmHg, (dP/dt)Lv = 1800 mmHg/s, 
(SP)mea. = 100 mmHg, HR = 60 bpm, SR = 35%, CO - 5 l/rain, A 31 
mm bileaflst mechanical and e 23 mm bioprosthesis were selected as mitral 
and aortic valve substitutes, resbectlvcly. A V/ngrned CFM750 ultrasound 
machine was used to perform M-mode Doppler and 2D-echo of long and 
short axis planes. An Argon-ion laser beam and a high-resclutlon CCD 
camera were used fur high-speed laser videe flow imaging. 
Rasu~: High-speed videogrephy of the mltml valve depicted bflght bub- 
bias formed in the Immediate vldnity of the mitral valve upon valve closure, 
trevellog In the LA before passing through the valve dudng the diastole. SPO¢- 
trel Doppler ultrasound images best detected these bubbles, their nature, and 
tiielr Intensitlas. 
Ceodus/ons: Our In-v//m observations cuntln'r~ad that the dissolved gas 
In a saturated solution can be extracted at valve closure. Such a closure 
process creates a strong deceleration of the leaflet and a sudden pressure 
drop which ganeretas vortical structures on the atrial side of the valve In the 
form of stopping vortex. The large gas concentration gradient hen promotes 
the rapid process of reef/fled iffusion of tim dissolved gas from the narrowing 
gap to the low pressure vortex core which ultimately, results In furmaflon of 
gas bubbles on the affial side. Further stodtes are needed to determine the 
exact chemical content of these bubble~ as well as their clinical significance. 
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swerod. Methods: We calculated effective orifice areas (EOA) using the 
standard DCE with known electromagnetic flow meter measured stroke vol- 
umes (9-63 ccroeat) on 8 sheep with blleaflet mechanical valves of vadous 
eras (23-29 mm) chronically implanted In the mitre1 position. Anatomic 
planimetered areas (APA) of each valve reded from 2.07 ~ (23 mm valve) 
to 4.1 cm 2 (29 mm valve). Results: For 23-27 mm valve sizes, EOA vaded 
little with flow. However, EOA ohan~,ed from 1.36 cm = to 2.48 cm = with flow 
for the 29 mm valve (Rgure 1). The contraction coefliciont (C¢) defined as 
EOA/APA was found to vary in Iogadthmic fashion with flow (Figure 2) for 
all valves, Indicat~ng a strong flow dependence at low flows and implying a 
pressure gradient effect on EOA calculations using DCE. 
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Conclusions: The DCE applied to calculate forward EOA fur blleaflet me- 
chanical valves in the mllral position shows dependence on flow and pressure 
gradient, an effect that becomes predominant in larger valves and lower flow 
steles. 
[963-'~-13 Streptoklnsee Tretement fo r  Late Thrombosis  o f  
the BJork-Shiley Tricuspid Prosthesis; 12 Years 
Experlenes 
Deign Boakovic. Boslljka Vujtstc, Milan Petrovlo, Predrag Mitmvlo, 
Dednka Boskovio, Ivo Elezovio. Card/o/ogy Clinic. Clinical Centre, Belgrade, 
Yugoslavia 
From January 1973 to August 1995 eleven patients (pts) with 20 ep l~ 
of thrombosis of tricuspid Bj0vk-Shiloy prosthesis were initially treated with 
tibflnolysls - Streptukinase (S). Thrombosis occurred late in all 11 lots (mean 
70.1 months after the opere,ion). Immediate results were excellent in all 11 
pts. Complete regression of clinical, echeeardlographio and clnerediographlc 
signs of prosthetic thrombesls was seen In all 11 pts. Long term fullow-up 
extends from 24-144 months. In four pts long term results are excellent. 
Prosthetic rethrombosls occurred in 7 pts, 4, 7, 8. 9,14, 38, 40 months after 
initial tmatmant with S. Repeat treatment with S was carded out in 6 out of 7 
pts and was succassf'JI n all 6 pte. In three pts second episode of prosthetic 
rethrombocla occurred 4, 24, 27 months after repeated administration of 
S. It was successfully treated with third adrolnistmflon of S. Twelve years 
fullow-up showed two late deaths (1 operation fur prosthetic rethrembesis, 1 
sudden death). Conclusion: our results suggest hat initial tibdnolyti¢ therapy 
for thrombosis of tricuspid Bj0rk-Shfley l~OStheels Is highly effective. Late 
recurrence occur In 63,6% of our pts. Repeated administration of S was 
successful In all pts with prosthetic rethrembosis. 
~ ' l  Resistance Is Better Than the Continuity Equation 
for ,e,~,,~i:ng Replacement Valves In the Mltrsl 
Position 
Richard A. Cooke, Zhibln Wang, John B. Chambom. Adu/t 
E ~ ,  Guy~s l to~,  Guy's and St Thomas" NHS Tnlst, 
London, U.K. 
There ts no ~k~e mothed of q .anmy~ foma~d ffuw thmuQh rel~j~ement 
valves In tire mitrel position. Redstence (mean zm/vfuw) and e lm m~a 
by the ~ equstion have not yet b,~,~ valldstecL We themfum com- 
pared these m~surm agorot an ;~.,,~.-.~.,; staedard ixovlded by ¢ire¢~y 
ob=nvved o~ area (OA) In r~ Uofugk=e va~mo with ~,T,. ~..==,ranging 
frem 02 c~ to ~_3 cruz. We used a pulse skn . ;~ ami ~ 
f~w cunm w~ um 20 d fer~t  s~oka v~ma~e ~=~ons  ~iv~g 
b'ansmitral f ow rates o~ ~L1 l~ in  te 1~9 1/m~. Obmn~d ~.~..~ ,.~a was 
moasamd um~ h~ ~ ~m,  pma~ ~ ~ ~m Om~ ~n~ 
Ouco~ e~d OoR~' w~e~ns usln~ a~ SOSO s1Omm ~ a t.9 
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MHz Pedof probe. Resistance was closely related to OA with an indirect 
curvillnasr elationship (Iogy = 0.19-0.55x, r = -0.93, see 0.13, p < 0.00001. 
n = 87), whilst the continuity area was directly and linearly related although 
with a systematic overestimation by the continuity equation (y = 1.13 + 0.79x, 
r = 0.90, see 0.23; p < 0 .00001;  n = 87) .  By correcting using the regression 
line, good agreement was shown using a Bland Aitman plot with 95% limits 
of -0.41 to +0.42 crr~ (resistance) and -0.43 to +0.43 cm = (Continuity equa- 
tion). The empldcal effective orifice area (EOA) formula based on resistance 
was EOA = 0.35 - 1.8 x log(mean &P/flow). 
We conclude that resistance shows promise as a method of descn'bing 
function in replacement valves in the mitral position whilst the continuity 
equation appears less accurate. 
Cardiac Pacing: Clinical Observations 
Tuesday, March 26, 1996, Noon-2:00 p.m. 
Orange County Convention Center, Hall E 
Presentation Hour: Noon-1:00 p.m. 
• Natural History of Atrial Arrhythmla in ODD Paced 
P=tlents Using the Permanent Holler Functton of 
the Device 
Selge Cazeau, Stephane Guardgue, Philippe Ritter, Amaud LazanJs, 
Jacques Mogisa. CO du Val d'Or, Saint-Cloud, France 
The incidenoe of atdal an'nythmia (AA) is probably underestimated because 
of paroxysmal asymptomatic episodes and intermittent ECG evaluation. In 
213 chronically DDD paced patients (lOtS) - (70 -I- 13 y, F 62%, M 38%) we 
used the extended memodes of the available Holter function of the device 
Chorus Ela Medical - - to  permanently monitor AA occurrence during fogow- 
up (FU). Pacemaker indication was: High-degrse AV block (30%), trifascicular 
block with long HV Interval (21.%), Brady-tachy syndrome (21%), isolated 
sinus node dysfurction (10%), carotid sinus syndmrce (6%), other indications 
(12%). Clinical, esho, electrophysiological data and pacing variables were 
recorded (multivariate analysis). 
48.5% of the pfa expadenced AA during FU (361 ~ 281 days - -  3 to 
1030). AA duration was < 24 hours in 31.1% asymptumstic lots (81.5% of 
the episodes); 24 hours < AA < 8 days In 10.3% pts; permanent AA > 7 
days occurred in only 7.5% pts always after paroxysmal episodes. AV Block 
(p = 0.02), atrial premature complexes (p = 0.004), male gender (p = 0.008) 
appeared as independent dsk factors. The more the atria were paced, the 
less we found AA episodes (p = 0.02). Implantation for trifasctcufar block 
was independently associated with a lower incidence of AA (p = 0.008). Age, 
existence of a cardiopathy, atrial size, ejection fraction, pacing and sensing 
thresholds, antiarrhythmic drugs were not predictive factors. 67 of the 154 pts 
without AA pder to implantation presented at least 1 episode after 207 =1= 203 
days of FU. In 37 of the 59 pts with AA before implantation AA recurred, much 
earlier (127 4- 0.113 days ~ p < 0.01). These data continuously collected 
modify our opinion about he natural history of AA and the true Incidence of 
episodes in chronioaily paced DDD patients. 
~'~- ]  The Telectronlcs 330-801 Atrial Lead: Accuflx" 
Extm¢llon Expedenee and Compll==tlone 
Margaret A. Uoyd, David L Hayes, Oavkl R. Holmes, Jr., Michael J. Osl0om, 
Anthony W. Staeson, Raul E. Eupinoua. Mayo Clinio, Rod'teat~; MN 
The Teleclmnics 330-801 A¢cuf'B" Affial Lead was withdrawn from the mar- 
kof after reports of fracture of the "J-shaped retention wire, with subsequent 
extruslon of tha wire and pafforotion of can:lias and vescolar strocturss. As of 
Apdl 1,1995, we extracted 70 Aesuflx atrial eeds (17 normal rstention wires, 
4 indaterrelnata wires, 24 fractured wires without pmINsion, 25 fractured 
wlros with pmlmsion). Them were 48 males and 27 famaios; the average 
age was 65.1 =1:P.0 ysars. Average lead planement wes 28.8 =E 2o0 montbe. 
All patients undenNant proO~ evaluatirm, Including chest x-rsy, ECG, 
and hemal ,  e fac~,  and coa~ panets. Patianfa had blood 
typed/scmaned Ixior to extraction, and extractions wers pacformnd tvith car- 
diac surgery avaibi~. Pacing ,;,~,,~,-,,;.-..-y was assessed to dstermine ceed 
~ tempero~ pa~ng. 
Forty-two luacls were removed w#h almple trac~an only, and S k~ds were 
removed atmz~g ~ng ~ , ~  sbea~s. Tm cook wodcstaUno 
was empfuysd In the removal of 20 leada via ftx) famoral veln. The rotant;on 
v~re was mrooved leavlng the lead intaof in I pa~,ant, and the ratenhon wire 
m removed l=lOr fo Iced estraction in anoex~r. Tbe avsrage fluoroscqW 
B11~ was 14o7 + 2.3 rain. C ~  Inch_~,~_ esym~ ~ 
w ~ "  ~ d=~xl~m=~ (2). in 4 patlents, the m~m padno e,.,='m,-,, 
~ mo~ed ~) the m~mCat~ml ~de atlW extrac~on _ h'~___ '~e Ol ;-,~,,,~-f Io 
insert he new lead into the ipsilateml subclavian vein. There have been no 
life-threatening complications. 
In expadenced hands, the Telectronics 330-801 Accufix ~ atrial lead can 
be extracted safely with minimal morbidity. 
~ Palpitation: How Does It Originate? 
Sergio L Pinski, Rainer Meierhenrich, Elena B. Sgerboss¢ Richard 
G. Tmhman. Cleve/ared Clinic Foundation, Cleveland, OH 
Palpitation (pall)) is a common symptom in clinical practice. However, its 
pathogese~is largely unexplored. We investigated the determinants of 
palp intensity in 26 pta (15 men, age 68 :l: 13) with permanent pacemakers 
dudng short-term pacing at d'~erent rates and modes. Pts recorded the 
intensity of paip on a vist,al analogue interval scale at baseline and during 
random periods of stngle-btinded, ventricutsr or athal-based pacing at rates 
of 80 and 12010pro. The scale had good reliability and sensiSvity to change. 
By repeated measures, 2-wsy ANOVA, intensity of palp was higher with 
ventricular pacing (p = 0.025) or rate of 120 bpm (p < 0.00t), with no 
evidence of intoraction between the 2 factors (r;~zm). Clinical determinants 
of palp severity were explored during ventricular pacing at 120 bpm. There 
was a treed toward more severs palp with larger LV end-diestolic volume (r = 
0.48; p = 0.07), and in pts with VA dissociation (p = 0.09). Age, gender, and 
bed r mass index had no sigeircant effects. 
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Conclusions: pall) can be quantified clinically. Its intensity is determined 
mainly by the heart rate and the chamber of origin of b"m impulse. CliniCal 
variables are less important in its pathogen~is. This technk:lue holds promise 
for the study of receptors and neural pathways responsible for the perception 
of palp. It could be used to assess of intewentians aimed at decreasing palp 
seventy. 
An Algorithm for Rate Adaptive AV Delay in 
Patients With Heart Failure 
Eric G~,  Eva,'t I.oh, Dusen 7- Kocovio. Hospital of the University of 
Pennsylvania, Philade.'ph~ PA 
Modem pacemakers have the ability to adapt the PR interval, based on 
the sensed or paced heart rata. However, there is limIted information about 
circadian changes of PR Intenral in normais end there is no information 
concerning the circadian changes in PR int~wal in patients with heart failure 
(HF). In ordsr to determine an algorithm far eptimal paced rate adsplive AV 
dahw in patie~s with HF, we compared 24 hour Hoiter monitor ecord'~s 
in 10 palfants with HF (LVEF < 35%, NYHA class I1-111) and 13 age aed esx 
mstched controls. 5 ~ PR and R-R intsnrais were measured every 
15 minutes, utilizing 10 see rhythm strips (g6 meesmeme~)  In ordsr 
to calculate mean hoart rate (HR), PR Intentai, the PR change for a given 
change in beart rate (PR index), and the renge of heart rate and PR inten/al 
over 24 houm. 
Mean HR PR PR Index PR Range HR Rarlge 
C=lPm) (ms) (ms) (bpm) 
CHF(n- 10) 944-13" 152~1S 0.6 4. 0.~ 37" 39" 
Ccmtml (n- 13) 754.17" I b"74.,'lS 1.2:1:03" 73" 64" 
(MNn :1: S,O.) *p < 0.05 ~m. conlxoi, Ttest 
The Ngltm i~-w~ huart rata, shotler msan PR intmval and PR change far 
a given change in ;-,~i,-t rate (PR index) in pa~erds with HF may represent 
¢,~;-,a,-,c, xl  ~ activity elects in pa~ants with HI=, which limits the 
ablty of the AV node to pa~;ve ly  sLu~ PR conduction as heart rate 
incm~ms. In ¢o,-,c~sion, the mean change In PR intmval is less In petients 
wl~ HF. As the majodty MItm cummt ra~ ~i ;on  AV de~y a~onthms 
in ~ pacemakem do not rolfact ~-,~s~ PR intennd ~ ,  furthor 
st,dios to dsrm ~ pathophysiolo~ and id~ysiot0gk: m~e of med¢#~ these 
alg~dtms f~¢ ram ~ AV dalay remains to be dalefmined. 
